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摘  要 




方法   首先，通过 qRT-PCR 检测 Rbm24 在 ESC 分化过程的表达情况。同时，
采用Western blot免疫印迹分析结合细胞免疫荧光染色检测Rbm24在原代心肌细
胞、H9C2 细胞系、C2C12 细胞系的表达情况。然后，利用 RNA 干扰技术构建
的 Rbm24 敲低细胞 siRNA-Rbm24，分析 Rbm24 敲低对心肌结构蛋白的表达及
心脏收缩的影响。最后，利用基因克隆和脂质体转染技术构建稳定过表达
Rbm24-Flag 的心肌母细胞 H9C2-23，采用 RNA 蛋白免疫沉淀芯片（RIP-CHIP）
技术对 Rbm24 相结合的靶标 mRNA 进行系统地分析，并结合 RIP-PCR 进行验
证。同时，采用蛋白免疫共沉淀（CO-IP）-质谱分析技术对与 Rbm24 相互结合
的蛋白进行系统地分析，并通过基因克隆技术和 CO-IP 进行验证。 
结果  在ESC分化成心肌细胞的第三天，Rbm24开始表达，心肌分化启动，Rbm24
的表达一直上调到第六天。在原代心肌细胞中，α-actinin 标记的心肌细胞均显示
Rbm24 表达阳性，且在核质中均匀分布。在心肌母细胞 H9C2 中，Rbm24 在核
质中均匀分布，诱导 H9C2 分化后，Rbm24 蛋白表达量上调，且细胞质中的蛋白
表达量上调明显。在肌原细胞系 C2C12 中，Rbm24 不表达，利用马血清诱导
C2C12 分化成肌细胞的过程中，Rbm24 表达量逐渐升高。这些数据表明 Rbm24
是早期心肌分化的标志物，在心肌组织中特异性表达。在心肌细胞中，Rbm24
敲低将导致心肌结构蛋白 TNNT2、TPM、MYH6（α-MHC）和 ACTN2 的表达
减少，并且使得细胞内肌丝的形态变得不清晰，细胞的自发性收缩也减少了。这
些数据表明，Rbm24 在心肌功能的维持中有重要作用。RIP-CHIP 技术获得了与
Rbm24 相结合的靶标 mRNA，并通过 RIP-PCR 验证 Rbm24 与 MYOG 和 Stat3 
mRNA 相结合。CO-IP 结合质谱分析获得可能与 Rbm24 相互结合的蛋白，并进







































Objective:  This project aims to investigate the molecular and biochemical 
mechanisms of Rbm24 in cardiac differentiation and cardac myocytes. Through the 
way to find the target mRNA of Rbm24 and its binding proteins, we can reveal the 
role of Rbm24 in stem cells differentiation. Then we can reveal Rbm24 knockdown 
related signaling pathways resulting cardiomyopathy and further to provide a research 
basis and an important novel target for the treatment of cardiomyopathy.   
Method:  qRT-PCR was used to detect the expression of Rbm24 protein in the 
process of ESC differentiation. Meanwhile, we use Western blot and 
immunofluorescence staining to detect the expression of Rbm24 protein in primary 
cardiomyocytes, H9C2 and C2C12 cell line. To analyze the impact of Rbm24 
knockdown on the expression of cardiac structural proteins and cardiac contraction, 
RNA interference technology are applied to build Rbm24 knockdown cells 
siRNA-Rbm24. A stable transfection Rbm24-Flag overexpressing oocytes H9C2-23 
cell line was build by gene cloning and lipofectamine transfection technique. 
RIP-CHIP technology was adopted to provide systematic analysis of target mRNA of 
Rbm24 and the results were verified with RIP-PCR. Meanwhile, CO-IP technology 
and mass spectrometry were adopted to provide systematic analysis of binding 
proteins of Rbm24 and the results were verified with gene cloning and CO-IP.  
Results:  In the third day of ESC differentiated into cardiomyocytes, Rbm24 was 
barely detectable and cardiomyocytes differentiation starts. The expression of Rbm24 
increases by day 6. Rbm24 showed positive expression in α-actinin–labeled primary 
cardiomyocytes and evenly distributed in the nucleus and cytoplasm. Also, Rbm24 
uniformly distributed in the nucleus and cytoplasm in H9C2 cell line and its 
expression was up-regulated specifically the cytoplasmic protein after the induction of 
differentiation. Rbm24 didn’t express in C2C12 myogenic cell line, and its expression 















the horse serum. These data suggested that Rbm24 is an early marker of cardiac 
differentiation and a heart-enriched gene. On the one hand, knockdown of Rbm24 
reduces expression of sarcomeric proteins such as TNNT2, TPM, MYH6 (α-MHC) 
and ACTN2. On the other hand, it leads to a pattern of intracellular filaments became 
less clear and Spontaneous contraction was reduced. These data indicate the important 
role of Rbm24 in maintaining cardiac function. RIP-CHIP technology obtained the 
target mRNA of Rbm24 and the results were verified that MYOG and Stat3 bind with 
Rbm24. CO-IP combined with mass spectrometry obtained the target binding proteins 
of Rbm24, and further verifed through gene cloning and CO-IP. 
Conclusion：  Rbm24 protein is expressed in the process of ESC differentiation into 
cardiomyocytes and cardiac tissue. The data suggested that Rbm24 is an early marker 
of cardiac differentiation and have an important role in cardiac cells and maintenance 
of myocardial contractility, which is likely to be used as an indication of clinical 
cardiomyopathy. Rbm24 rugulated cardiac differentiation and the function of cadiac 
cells through its target mRNA and the proteins interacted. 
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